, an assessment of predominantly nitric oxidedependent vasodilation, is decreased with age and cannot be augmented by posture-induced increases in femoral perfusion pressure in older men. However, this novel method of assessing vascular function has yet to be used to evaluate alterations in nitric oxide-dependent vasodilation with age in females. PLM was performed in 10 young (20 Ϯ 1 yr) and 10 old (73 Ϯ 2 yr) women in both the supine and upright-seated postures, whereas central and peripheral hemodynamic measurements were acquired second by second using noninvasive techniques (finger photoplethysmography and Doppler ultrasound, respectively). The heart rate response to PLM was attenuated in the old compared with the young in both the supine (young, 10 Ϯ 1; and old, 5 Ϯ 1 beats/min; P Ͻ 0.05) and upright-seated posture (young, 10 Ϯ 2; and old, 5 Ϯ 1 beats/min; P Ͻ 0.05), leading to a blunted cardiac output response in the old in the upright-seated posture (young, 1.0 Ϯ 0.2; and old, 0.3 Ϯ 0.1 l/min; P Ͻ 0.05). The PLM-induced peak change in leg vascular conductance was lower in the old compared with the young in both postures (young supine, 5.7 Ϯ 0.5; old supine, 2.6 Ϯ 0.3; young upright, 9.2 Ϯ 0.7; and old upright, 2.2 Ϯ 0.4 ml·min Ϫ1 ·mmHg Ϫ1 ; P Ͻ 0.05) and was significantly augmented by the upright-seated posture in the young only, revealing a vasodilatory reserve capacity in the young (3.5 Ϯ 0.6 ml·min Ϫ1 ·mmHg Ϫ1 , P Ͻ 0.05) that was absent in the old (Ϫ0.5 Ϯ 0.3 ml·min Ϫ1 ·mmHg Ϫ1 , P ϭ 0.18). These data support previous literature demonstrating attenuated PLM-induced vasodilation with age and extend these findings to include the female population, thus bolstering the utility of PLM as a novel assessment of vascular function across the life span in humans.
Passive leg movement (PLM) is a novel method of assessing predominantly nitric oxide mediated vascular function. PLMinduced vasodilation is attenuated with age in men; however, PLM has never before been used in the female population. Our data demonstrate that aging impairs PLM-induced vasodilation in women, thus expanding the utility of the PLM model.
RECENTLY, PASSIVE LEG MOVEMENT (PLM), a novel method for assessing vascular function, has been gaining recognition. In the supine posture, PLM initiates a vasodilatory response in young men that has been documented to be attenuated in old men (28, 39) , is predominantly nitric oxide (NO) mediated, and therefore likely reflects endothelium-dependent vascular function (28, 39) . Interestingly, when femoral perfusion pressure (FPP) is increased by moving from the supine to the uprightseated posture, young men exhibit an NO-mediated vasodilatory reserve capacity, whereas old men, due to diminished NO bioavailability, do not (10, 11) . Likewise, the initial vasodilatory response to PLM (ϳ9 s) differs between young and old men, with the old demonstrating a slower onset (10, 11, 38) . Due to the powerful antiatherogenic properties of NO (18, 34) , and the importance of intact vascular function in cardiovascular disease (CVD) prevention, an assessment such as the response to PLM, which has the potential to be used across the life span, may be of great clinical importance. However, this novel method of assessing vascular function has yet to be used to evaluate alterations in endothelium-dependent vasodilation with age in females.
Premenopausal women appear to have a reduced risk of CVD compared with both men and postmenopausal women (21) . This has led to the belief that young women possess an inherent cardioprotection, which may be related to estrogen. Estrogen, which declines postmenopause, is recognized to have powerful effects on the vasculature. As a steroid hormone, estrogen is able to diffuse easily across endothelial and vascular smooth muscle cell membranes, resulting in vascularspecific genomic modifications, such as increased endothelial NO synthase (eNOS) transcription and ultimately eNOS protein expression (29) and nongenomic effects, such as eNOS activation and NADPH oxidase inhibition (29) . Thus postmenopausal women would be expected to have decreased NO-mediated vascular function compared with young women, and, indeed, this has been the conclusion of studies using the brachial artery flow-mediated dilation (FMD) technique (4, 13) . However, due to procedural complexities that have limited the clinical usefulness of FMD and recent questions regarding the contribution of NO to FMD (31, 45) , there is a growing need to develop a clinically relevant tool that can be used to track the changes in vascular function of women across the life span.
Consequently, the purpose of this investigation was to assess vascular function in young and old women using the novel PLM test. Specifically, we hypothesized that 1) old women would exhibit an attenuated PLM-induced vasodilation compared with young women, 2) increasing FPP by assuming an upright-seated posture would augment the vasodilatory response in young women only, such that 3) the vasodilatory reserve capacity would be greater in the young women than in the old women and 4) increased FPP would augment the rapid vasodilation in the young women, with no change in the old women. If proven to be correct, such findings would support the potential clinical relevance of the PLM test for assessing vascular function in women across the life span.
METHODS

Subjects
Twenty healthy women (10 young and 10 old) participated in this research study. Subjects were included based on a lack of overt cardiovascular or metabolic disease and aged 18 -25 yr for the young and Ͼ65 yr for the old. All procedures were approved by the Institutional Review Boards of the University of Utah and the Salt Lake City Veterans Affairs Medical Center, and written informed consent was obtained from each participant before inclusion in the study. The study conformed to the standards set by the Declaration of Helsinki.
Experimental Protocol
Each subject reported to the laboratory for both a familiarization and experimental trial. Upon arrival for the familiarization trial, anthropometric measurements were performed, followed by instrumentation and PLM, both to acquaint participants with the experimental procedure and to ensure their ability to remain relaxed during a PLM protocol.
Subjects arrived on the experimental day fasted and having refrained from caffeine for 12 h prior, and exercise for 24 h before the initiation of data collection. To control for variations in circulating hormones, young females were included only if they were not taking pharmaceutical contraceptives and were then studied within the first 7 days (follicular phase) of the menstrual cycle. The old women were postmenopausal and not on hormone replacement therapy. Blood was collected from the antecubital vein to assess blood lipids, fasting glucose, C-reactive protein (CRP), ferric-reducing ability of plasma (FRAP), protein carbonyl, and hemoglobin and to perform a complete blood cell count. Subjects were then assigned to either the supine or upright-seated posture using a counterbalanced design. After instrumentation, participants rested for at least 20 min in the assigned posture before the start of data collection.
Hemodynamic measurements were collected during 1 min of baseline with the leg held at a 180°knee joint angle, followed by 2 min of passive knee flexion-extension through a 90°range of motion (180-90°) at 1 Hz. Throughout the protocol, the contralateral leg remained supported and motionless with the knee joint extended (180°). PLM was achieved by a member of the research team with real-time feedback provided by a position sensor and digital display to ensure full range of motion. A metronome, initiated before the start of baseline data collection, was used to maintain cadence. Before the start and throughout the protocol participants were encouraged to remain passive and to resist the urge to help or hinder the passive movement. To avoid the startle reflex, participants were made aware that the PLM would begin in ϳ1 min but were not told exactly when the movement would begin to reduce the chance of an anticipatory response (42) . The protocol was repeated in the opposing body posture (supine or upright seated) after a rest period of at least 20 min in the new posture.
Baseline for all variables was determined using the average of the data for the 60 s before the initiation of PLM. Data collected during the first minute of PLM were analyzed second by second and smoothed using a 3-s rolling average before final data analysis, with 12 s-averages used for the second minute of movement.
Measurements
Central hemodynamics. Heart rate (HR) was determined using an electrocardiogram (ECG), and mean arterial pressure (MAP) was determined by finger photoplethysmography with a Finometer (Finapres Medical Systems, Amsterdam, The Netherlands) positioned at heart level. Stroke volume (SV) was calculated using the Modelflow method (Beatscope, version 1.1; Finapres Medical Systems), with cardiac output (CO) calculated as the product of SV and HR.
Throughout each protocol, ECG, SV, CO, and MAP signals underwent analog-to-digital conversion and were simultaneously acquired (200 Hz) using commercially available data acquisition software (AcqKnowledge, Biopac Systems, Goleta, CA).
Peripheral hemodynamics. Measurements of blood velocity in the common femoral artery (CFA) and vessel diameter were performed in the passively moved leg distal to the inguinal ligament and proximal to the bifurcation of the superficial and deep femoral artery using a Logic 7 ultrasound system (General Electric Medical Systems, Milwaukee, WI). The Logic 7 was equipped with a linear array transducer operating at an imaging frequency of 14 MHz. CFA diameter was determined at a perpendicular angle along the central axis of the scanned area, and blood velocity was measured using the same transducer with a frequency of 5 MHz. All blood velocity measurements were obtained with the probe appropriately positioned to maintain an insonation angle of 60°or less. The sample volume was maximized according to vessel size and was centered within the vessel based on real-time ultrasound visualization. With the use of CFA diameter and mean velocity (V mean; angle corrected and intensity weighted) leg blood flow (LBF) was automatically calculated by commercially available software (Logic 7) as V mean(vessel diameter/ 2) 2 ϫ 60, where blood flow is in milliliters per minute. Leg vascular conductance (LVC) was calculated as LBF divided by MAP. The peak changes in LBF and LVC (⌬LBFpeak and ⌬LVCpeak, respectively) were calculated as peak minus baseline, cumulative area under the curve (LBFAUC and LVCAUC) was calculated as
, and vasodilatory reserve capacity was calculated as the upright-seated ⌬LVCpeak minus the supine ⌬LVCpeak.
Blood assays. Glucose, lipids, and complete blood cell count were determined using standard clinical techniques. Plasma and serum samples were stored at Ϫ80°until analysis. The FRAP assay was performed to assess total antioxidant capacity, using the method described by Benzie and Strain (3), whereas oxidative stress was assessed by measuring protein carbonyl levels (Northwest Life Science Specialties, Vancouver, WA). Systemic inflammation was assessed by measuring CRP levels (R&D Systems, Minneapolis, MN). All assays were performed in duplicate.
Knee joint angle. During each protocol, knee joint angle of the passively moved leg was continuously recorded using a Vishay Spectrol 360 degree Smart Position Sensor (Vishay Intertechnology, Malvern, PA) mounted on a BREG X2K knee brace (BREG, Vista, CA) worn by the participants.
Anthropometrics. Body mass and height were recorded and used to calculate body mass index (BMI) as BMI ϭ body mass ϫ height 2 , where body mass is measured in kilograms and height is measured in meters. Thigh volume of the passively moved leg was calculated, as previously described (19) , using three measurements of thigh circumference (proximal, middle, and distal), thigh length, and skinfold measurements.
Physical activity level. Physical activity level (PAL) was assessed using both a subjective PAL recall questionnaire and objective accelerometer data. The PAL questionnaire included items regarding the average type, frequency, intensity, and duration of physical activity in any given week. After receiving standardized operating instructions, subjects wore an accelerometer (GT1M; Actigraph, Pensacola, FL) for a minimum of a continuous 7 days, with adherence automatically assessed by the device. Average total daily physical activity was expressed as both average steps per day, and average total accelerometer as counts per minute. The latter assessment was separated into sedentary, low-, moderate-, high-, and very high-intensity categories using device-specific software (Actilife, Pensacola, FL). Previous research has documented the validity and reliability of the Actigraph GT1M in terms of the estimation of daily physical activity with both steps per day and accelerometer counts per minute (1, 43) . Classification of the subjects' level of physical activity, as determined by steps per day, was based on a validated scale (sedentary, Ͻ5,000; low active, 5,000 -7,499; somewhat active, 7,500 -9,999; active, 10,000 -12,499; and highly active, Ն12,500 steps/day) (33, 40) .
Statistical Analysis
Two-way, repeated-measures ANOVA were used to determine significant differences in baseline and the absolute change from baseline to peak for HR, SV, CO, MAP, LBF and LVC, as well as AUC for LBF and LVC. Student's t-tests were used to compare subject characteristics. Pearson's correlations were employed to assess the strength of relationships between variables. Significance was set at an ␣-level of 0.05, and data are presented as means Ϯ SE.
RESULTS
Subjects
In addition to an average age difference of over 50 yr, the old women had significantly greater body mass (ϳ19%), BMI (ϳ18%), total cholesterol (ϳ30%), protein carbonyl (ϳ52%), CRP (ϳ393%), and larger CFA diameter (ϳ13%) ( Table 1) . The groups exhibited similar total daily physical activity, as assessed by both questionnaire and accelerometry, and all subjects were categorized within the sedentary to low physical activity ranges based on the step-determined scale (Table 1) (33, 40) .
Central Hemodynamics
Resting and peak changes in central hemodynamics are displayed in table 2. At rest there was no difference in SV, HR, or CO between groups in either body posture. While all subjects were normotensive (Ͻ140/90 mmHg), resting MAP was significantly higher in the old compared with the young women in both body postures (P Ͻ 0.05). In the young, the upright-seated posture elicited a significant decrease in SV (P Ͻ 0.05) and an increase in HR (P Ͻ 0.05) that maintained CO, whereas the same posture alterations had no effect on central hemodynamics at rest in the old.
Both groups demonstrated significant increases in SV, HR, and CO and decreases in MAP (P Ͻ 0.05) as a consequence of PLM. However, the ⌬HR peak was significantly lower in the old compared with the young in both body postures, and the ⌬SV peak was greater in the young with the upright-seated posture, while tending to be lower in the old with this posture (P ϭ 0.19), resulting in an attenuated ⌬CO peak in the old women while in the upright-seated posture (P Ͻ 0.01). Decreases in MAP (⌬MAP peak ) during PLM were similar between groups and postures.
Leg Blood Flow and Leg Vascular Conductance
Resting, peak change, and AUC data for peripheral hemodynamics are displayed in Table 2 . Resting LBF and LVC were 
Values are means Ϯ SE; n, number of subjects. CFA, common femoral artery; FRAP, ferric-reducing ability of plasmaprotein. #P Ͻ 0.05, significantly different from young women. Values are means Ϯ SE; n ϭ 10 old and 10 young women. MAP, mean arterial pressure; CO, cardiac output; SV, stroke volume; HR, heart rate; LBF, leg blood flow; LVC, leg vascular conductance; ⌬peak, peak change from baseline; AUC, area under the curve. *P Ͻ 0.05, significantly different from supine posture; #P Ͻ 0.05, significantly different from young women.
not different between groups in the supine posture. With the upright-seated posture, resting LBF was reduced in the old, such that both LBF and LVC were significantly lower in old compared with young women.
PLM in the supine and upright-seated postures resulted in a significant hyperemic response in both the young and old women (P Ͻ 0.05; Table 2 , Figs. 1 and 2 ). In the supine posture, ⌬LBF peak and LBF AUC were attenuated in the old compared with the young women (49 and 60%, respectively; Fig. 1, B and C) , resulting in a similarly attenuated ⌬LVC peak and LVC AUC (54 and 66%, respectively; Fig. 2, B and C) in the old. The upright-seated posture significantly increased the LBF (⌬LBF peak ϭ 46%, and LBF AUC ϭ 42%; Fig. 1 , B and C) and LVC (⌬LVC peak ϭ 61%, and LVC AUC ϭ 43%; Fig. 2 , B and C) response to PLM in the young, with no effect of posture in the old. This posture-induced increase in ⌬LVC peak in response to PLM in the young women revealed a significant vasodilatory reserve capacity (3.5 Ϯ 0.6 ml·min Ϫ1 ·mmHg Ϫ1 ; P Ͻ 0.001) that was absent in the old (Ϫ0.5 Ϯ 0.3 ml·min Ϫ1 ·mmHg Ϫ1 ; P ϭ 0.18) women (Fig. 3) .
In terms of total antioxidant capacity, oxidative stress, and inflammation, neither FRAP nor PC was significantly related to either ⌬LVC peak or LVC AUC . CRP displayed a significant negative relationship to ⌬LVC peak in the supine and uprightseated posture (r ϭ 0.56, P Ͻ 0.01; and r ϭ 0.70, P Ͻ 0.001, respectively), as well as with the vasodilatory reserve capacity (r ϭ 0.65, P Ͻ 0.01). Similarly, CRP was negatively related to both supine and upright-seated LVC AUC (r ϭ 0.56, P Ͻ 0.05; and r ϭ 0.65, P Ͻ 0.01, respectively).
The immediate vasodilatory response (slopes of increasing LVC over time, for the first 9 s) to PLM was significantly reduced with age in both the supine (old, 0.15 Ϯ 0.04; and young: 0.55 Ϯ 0.04; P Ͻ 0.001) and the upright-seated (old, 0.16 Ϯ 0.06; and young, 0.93 Ϯ 0.09; P Ͻ 0.001) postures and was significantly elevated in the upright-seated posture, compared with supine, in the young only (P Ͻ 0.001; Fig. 4 ).
DISCUSSION
The purpose of this investigation was to increase the generalizability of the PLM model by extending the previous literature to include the female population. Similar to findings in men, older women demonstrated an attenuated vasodilatory response to PLM in the supine posture compared with the young. The upright-seated posture, which significantly augmented the PLM-induced vasodilation in young women, had no effect on the vasodilatory response in the old. Similarly, in the old, the rapid vasodilatory (first 9 s) response to PLM in the supine posture was attenuated compared with the young women, and unlike in the young where the response was accelerated, the rapid vasodilatory response in the old women remained unchanged with increased FPP, thus resulting in a greater age difference in the upright-seated posture. Finally, the augmented PLM-induced ⌬LVC peak due to the upright-seated posture revealed a significant vasodilatory reserve capacity in young women that was absent in the old. These findings demonstrate that vascular function, assessed by the PLM model, declines with age in women. This expands the use of PLM to a wider population and bolsters the utility of PLM as a vascular function assessment across the human life span.
Age and Supine PLM-Induced Vasodilation in Women
PLM is an experimental model whereby changes in quadriceps and hamstring muscle length, without increases in metabolism, cause a significant increase in LBF and LVC. This PLM-induced hyperemia has previously been reported in both young and old men; however, the magnitude of the vasodilatory response to PLM is significantly attenuated with age (11, 23) . Recent investigations into the mechanisms responsible for the PLM response conclude that PLM-induced vasodilation is predominantly NO mediated in young men, as evidenced by an ϳ80 -90% reduction in the hyperemic response during intraarterial infusion of the NO synthase (NOS) inhibitor N Gmonomethyl-L-argenine (10, 28, 39) . Furthermore, by once again using NOS inhibition, both Trinity et al. (38) and Groot et al. (10) reported that the attenuated PLM-induced vasodilation described in older men was a consequence of reduced NO bioavailability with age. However, before this investigation, the PLM model had not been used to examine alterations in vascular function with age in women.
Results from the current investigation, which are strikingly similar to those previously reported in young and old men (11, 23) , reveal a significant age-associated reduction in the PLMinduced ⌬LBF peak and ⌬LVC peak in the supine posture (ϳ50%) in old women compared with young, likely because of decreased NO bioavailability ( Table 2 , and Figs. 1B and 2B). Of note, when individual responses were examined, the PLMinduced hyperemia was lower in all 10 of the older women compared with all, but one, of the young subjects. It should be noted that the old women had less of a HR response to PLM than the young; however, given that the PLM-induced ⌬MAP peak was similar between young and old, it is unlikely that this central hemodynamic difference contributed to the peripheral hemodynamic findings. This supposition is supported by the LVC data, which take MAP into account (Fig. 2) . Additionally, the rapid vasodilatory response (slope of the increasing LVC over time for the first 9 s) to PLM, previously determined to be NO-independent in men in the supine posture (10, 38) , was also significantly attenuated with age in women (ϳ 70%; Fig. 4) . At the initiation of PLM, mechanical deformation of the vascular beds of the thigh may release vasodilators that act independently of the NO pathway (6, 17, 24) . However, despite differences in this initial non-NO-dependent portion of the PLM response, subsequent mechanotransduction of wall shear forces likely contribute to the vasodilatory cascade making NO the dominant vasodilator for the remainder of PLM (14, 25, 30, 35) .
Age and Upright-Seated PLM-Induced Vasodilation in Women
The upright-seated posture, which similarly increases FPP in young and old men (11), significantly augmented the PLM response in the young women, while having no effect on the old (Table 2 , and Figs. 1 and 2 ). Of note, examination of the individual responses revealed that the PLM-induced hyperemia was augmented by the upright-seated posture in all ten young women, whereas the response in the old women was mixed. This posture-induced increase in vasodilation during PLM in the young enhanced the rapid vasodilation (Fig. 4) and revealed a vasodilatory reserve capacity that was absent in the old (Fig. 3) .
Groot et al. (10) demonstrated that the increased rapid hyperemia with the upright-seated posture in young men could be attenuated to similar levels as the supine posture with NOS inhibition, but this rapid hyperemia was unaffected by posture in old men. This indicates that the onset of NO-mediated vasodilation during PLM is accelerated by increased FPP in the young, but not the old, and lends additional utility to the PLM model as an assessment of NO-mediated vasodilation. Similarly, whereas the upright-seated posture significantly augmented the PLM-induced rapid vasodilation in young women, the same postural alteration had no effect on the old (Table 2 , and Figs. 1 and 2) . In light of previous evidence that the increase in rapid vasodilation at the onset of PLM is reliant on NO, it can be inferred that this lack of an effect of the upright-seated posture on the rapid vasodilation in the old women is likely due to reduced NO bioavailability with age.
The ability for the ⌬LVC peak to increase when moving from the supine to upright-seated posture has been recognized to represent a vasodilatory reserve capacity (11) . The uprightseated posture elicits a similar (ϳ7 mmHg) increase in FPP in both young and old men, as measured directly in the CFA and vein (11) . This augmented driving force of blood across the vascular beds of the thigh has the potential to increase endothelial shear forces at the onset of PLM, thereby resulting in a greater NO-mediated vasodilation. This was indeed the case in young men whose ⌬LVC peak nearly doubled in the uprightseated posture, revealing a vasodilatory reserve capacity that was nearly entirely due to NO (10) . In contrast, because of reduced NO bioavailability with age, similar increases in FPP in old men did not augment the ⌬LVC peak in the upright-seated posture, thus a vasodilatory reserve capacity was absent in the old (10) . In support of these previous findings, the young women displayed a significant vasodilatory reserve capacity, whereas the old women, who already possessed an attenuated PLM response compared with the young in the supine posture, failed to increase their ⌬LVC peak in the upright-seated posture and therefore lacked any vasodilatory reserve capacity (Fig. 3) . Given that the vasodilatory reserve is an NO-mediated phenomena, its absence in older women provides additional evidence that NO bioavailability, as measured by PLM, is decreased with age.
Age and NO Bioavailability in Women
While it is clear that PLM-induced vasodilation is attenuated in older humans, the mechanisms leading to this age-associated decrease in NO bioavailability remain unclear. However, previous reports implicate an age-associated increase in oxidative stress and, specifically in women, the postmenopausal fall in circulating estrogen as likely causes of impaired vascular function and NO bioavailability with age.
Oxidative stress is the result of free radicals, molecules with unpaired electrons that lead to oxidizing reactions, which interfere with cellular processes resulting in damage, dysfunction, and/or apoptosis. Many of these free radicals are found in the vasculature and can interfere with NO signaling, thus diminishing NO bioavailability (5, 44) . Indeed, markers of free radical production are elevated in old subjects in both endothelial cells and circulating plasma (8, 12, 41, 44) and are associated with decreased vascular function (8, 44) . Interventions aimed at acutely decreasing oxidative stress, such as the infusion of the antioxidant ascorbic acid, result in improved vascular function and NO bioavailability in old subjects (9, 36, 37) . In the present investigation, the older women, while not exhibiting an attenuated total antioxidant capacity, as assessed by FRAP, did have significantly elevated levels of inflamma-tion and oxidative stress (Table 1) . Additionally, although FRAP and protein carbonyls were unrelated to the PLM response, CRP was significantly related to measures of PLMinduced vasodilation (r ϭ 0.56 -0.70), suggesting that inflammation may play a role in the attenuated PLM response with age in women. However, further investigations into the possible effects of oxidative stress on PLM-induced vasodilation with age are necessary.
Estrogen has powerful effects on NO production, and this phenomenon is likely, at least in part, responsible for the observation that premenopausal women have decreased CVD risk compared with men and postmenopausal women. Estrogen can cause genomic modifications, such as increased transcription and ultimately the expression of eNOS protein (26, 29) , As well as nongenomic effects, such as increased eNOS activation (16, 20, 26, 29) . Furthermore, estrogen provides additional antioxidant effects by inhibiting NADPH oxidase and augmenting superoxide dismutase, thereby decreasing oxidative stress in the vasculature (26, 29) . By these mechanisms, estrogen can decrease free radical production and NO scavenging and improve eNOS coupling and NO synthesis, resulting in greater NO bioavailability. Therefore, drastic reductions in estrogen after menopause likely contribute to decreased NOmediated vasodilation and impaired vascular function in older women. Support for this supposition can be found by a direct comparison of the current investigation to previously published PLM results in men which suggest that women may have a greater age related impairment in vascular function (11, 23) . Indeed, the magnitude of attenuation in the PLM response with age in women is 10 -20% greater than that reported in men and may be potentially due to the postmenopausal fall in estrogen. Furthermore, previous investigations examining endothelium-dependent vasodilation with age in women have revealed reduced vasodilation in postmenopausal women compared with young women (4, 13) and in ovariectomized rats compared with intact animals (20, 27) . These reductions in vascular function can be rescued with hormone replacement therapy (7, 15, 20, 27, 32) . A direct assessment of the potential link between estrogen levels and PLM-induced hyperemia warrants further investigation.
Experimental Considerations
Because of the minimally invasive nature of this study, the direct measurement of femoral arterial, venous, and the subsequent calculation of actual perfusion pressure was not performed. Therefore, while we cannot rule out the possibility of differential FPP responses to the upright-seated posture in young and old women, a similar study performed in men reported identical posture-induced increases in FPP between the young and old subjects (11) . Furthermore, while older women display some differences in orthostatic coping strategies compared with men, the responsiveness of peripheral resistance vessels appears to be similar (2) , suggesting that FPP responses to the upright-seated posture are likely comparable to those previously reported in young and old men. Additionally, because infusion of a NOS inhibitor was not performed, we cannot rule out the possibility that the mechanisms for the PLM-induced vasodilation may differ between men and women. However, Mannacio et al. (22) reported that compared with young controls and age-matched men, older women displayed attenuated eNOS mRNA and a reduction in internal mammary artery relaxation in response to acetylcholine. This would suggest that attenuated NO bioavailability with age not only is an important factor in the impaired vascular function observed in older women but may play an even greater role than that observed in older men. However, future investigations into the direct role of NO in the PLM-induced vasodilation in women are needed. Additionally, as with any study focused on aging, there is often some difficulty in discerning age-related changes, such as increases in BMI and total cholesterol, from aging, per se, and that is also the case in this investigation. Finally, the relatively small sample size may have limited our ability to detect changes in certain variables (e.g., triglycerides); therefore, future studies using PLM may benefit from a larger cohort.
Conclusion
The results of the current investigation support previous findings that PLM-induced vasodilation is attenuated with age and extend these observations to include women. Additionally, increasing FPP by moving from the supine to the upright-seated posture, which magnifies the role of NO in both the rapid and overall vasodilatory response, revealed a vasodilatory reserve capacity in young, but not old women. These findings imply reduced NO bioavailability with age in women and add additional support to the utility of the PLM model as an assessment of NO-mediated vascular function across the human life span.
